skills) can hamper or enhance their ability to disseminate information to an audience that is of a lesser status, lesser wealth and lesser skills. The analysis utilizes data describing changes in knowledge regarding integrated pest management (IPM) among farmers in three provinces of Java, Indonesia, to demonstrate that leadership properties actually help in the diffusion of knowledge, but as the social and wealth disparity between leaders and would-be followers increases, the ability to disseminate knowledge diminishes at the margin, and may in fact decline.
The program of paper is as follows: The next section reviews the relevant literature and derives the conceptual framework underpinning the empirical work in the paper. This is followed by descriptions of the promotion of IPM in Indonesia and the data. A subsequent section outlines the analytical methodology followed by the empirical analysis. The last section provides conclusions and implications.
LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK
The seminal work of Rogers (1995) provides a coherent theory, as well as empirical evidence, of many aspects of innovations diffusion. One of the themes elaborated upon is the role and characteristics of "opinion leaders." Such individuals have the status, expertise, links to external sources of knowledge, or experience that enable them to provide information and advice about innovations to others within their community. Opinion leadership is thus reflected in the ability to influence others' attitudes and knowledge (Chatman, 1987, Valente and Davis, 1999) .
Such leadership may be informal rather than formal, but many scholars observed that opinion leaders tend to have higher social status than "followers" (Bandura, 1986, p.151) . Researchers also noted that opinion leaders are often more exposed to external sources of information, such as mass media or change agents (e.g., extension workers), have higher formal education, higher levels of literacy, a more cosmopolitan orientation, and higher income and wealth (Rogers, 1995, p. 92; Chatman, 1987; Valente, 1996; Weimann, 1994, p. 217) .
The notion that opinion leaders, who stand out within the community in terms of their socio-economic and human capital characteristics, are key to information diffusion contrasts with the common observation (verified empirically), that most people tend to have communication networks composed mostly of individuals who are like them in social status and other respects.
Sociologists and communications scholars define the tendency for communications to flow mostly among similar individuals as homophily, which is contrasted with heterophily, whereby individuals communicate with those who are different from them. The prevalence of homophily in communication networks leads to an alternative characterization of opinion leaders as being similar in their socio-economic characteristics to the followers. Thus, Weimann's 1994 comprehensive study of opinion leadership concludes:
"The almost single possible generalization on the socio-demographic level is the tendency towards similarity of the influential-influencee dyad. The trickle-down model, suggesting a vertical flow from upper classes to lower classes, from more educated to less educated, or from higher income groups to lower income groups, was rejected in almost all domains. The more frequent flow was from leader to follower from the same social group. This tendency resulted in a homogeneity of the leader-followers groups in terms of most socio-demographic measures. People turn to seek advice from their peers, from individuals of the same background, interests, and values. The flow of information and influence is likely to be rather horizontal." (p. 88)
Rogers (1995) offers a possible middle ground between the two views. He observes that homophily may act as a barrier to the diffusion of new knowledge because "new ideas usually enter a system through higher status and more innovative members" (Rogers, 1995, p. 288) . But while he identifies a general tendency for followers to seek information and advice from opinion leaders who are perceived as more technically competent than themselves, he emphasizes that those leaders are selected so that they are not too much better. Thus, according to Rogers (1995, p. 294) , "a follower typically seeks an opinion leader of somewhat higher status." Similarly, Valente and Davis (1999 p. 59) argue that "learning occurs most efficiently when individuals are trained by their "near peers", whom they have chosen as their models". These views reflect the notion of "optimal heterophily" (Rogers and Shoemaker, 1971, Alpert and Anderson, 1973) , implying that excessive similarity, or excessive differences among individuals, could hinder the effectiveness of communication flows between them.
The measurement of capacity for opinion leadership attracted considerable attention in the literature. Early work by Rogers and Cartano (1962) describes three approaches: (i) The sociometric approach, whereby many members of a group are asked to identify those whose opinions are influential; (ii) A key informant approach, whereby a selected small group of individuals who are perceived as knowledgeable about the community are asked to identify the group's opinion leaders; (iii) The self-designating approach, where respondents are asked questions to determine the degree to which they perceive themselves to be opinion leaders. More complex approaches labeled as "network analysis" were developed in subsequent years, relying on formal methods for measuring who talks to whom in a community (Valente and Davis, 1999, Valente and Foreman, 1998) . All these approaches allow a score-based continuous index of leadership, but require access to respondents who can be interviewed directly on matters of opinion leadership, provide information on the groupings and channels of communications, and serve as a basis for counts of the number of "nominations" a presumed opinion leader received from community members.
The empirical evidence on the impact of opinion leaders' socio-economic traits, as compared to the traits of other community members, on their effectiveness in diffusing information is not conclusive. For example, several studies highlight difficulties in the flow of information from higher status rural groups to lower strata (e.g., Roling et al., 1976 , van de Fliert, 1993 . Similarly, Weimann (1994) cites studies indicating that opinion leaders are similar in socio-demographic characteristics to followers. Yet the study by Gibbons et al. (1980) documents the effective role of prominent and wealthier leaders as sources of information about innovations in rural settings. Sen (1969, p. 26) notes that "the direction of influence from leaders to followers is then vertical, from high to low strata of the village society." Similarly, Bose and Saxena (1966) found that rural opinion leaders, who were identified by other farmers as the most important source for agricultural information, were more literate, more competent, and superior in socio-economic standing.
For the purposes of framing the analysis in this paper, we formulate, based on the discussion in the literature, three alternative propositions that can be tested empirically: A third proposition reflects the "optimal heterophily" concept and its implication that effective opinion leaders will tend to be superior to others, but within bounds.
(c)
People are more likely to learn from opinion leaders who are superior to them in socio-economic aspects, but who are not too different.
These propositions will be tested using data pertaining to the introduction of integrated pest management (IPM) knowledge in Indonesia through an intensive training program to selected farmers. As will be argued, these farmers were typically selected for their opinion leadership status or potential. Analyzing the extent to which other farmers' knowledge of IPM relates to the opinion leaders (who received intensive IPM training) in their communities will allow insights on the veracity of the three propositions. Participatory training and hands-on experimentation are a key principle of the FFS, and the purpose of the training is to make the graduates "confident pest experts, self-teaching experimenters, and effective trainers of other farmers" (Wiebers, 1993) . The group of trainees includes 20-25 participants from the village. The duration of an FFS is about 12-14 weeks within a full crop-growing season. A facilitator trainer leads the program, conveying knowledge on, and facilitating discussion of, ecologically-based approaches in pest management, and overall good crop management decision procedures and practices. The training aims not only to sharpen participants' decision-making abilities, but also to empower them for leadership and community activism (Scarborough et al., 1997, p. 102 ).
THE INTRODUCTION OF IPM KNOWLEDGE IN INDONESIA
The selection of farmers for FFS training was not random, and sought to purposely include those with agricultural expertise, as well as others with high social status such as rich farmers and religious leaders (Winarto, 1994, p. 153) . A detailed study from the early 90s points out that those selected tended to be more affluent farmers, better educated and informed, who enjoyed higher status in the community. A relatively significant proportion of these selected farmers served also as official and semi-official village leaders (van de Fliert, 1993, pp. 130-132) .
In fact, presumed or proven ability to spread information was a specific selection consideration at the local level, where selection was done by farmer group leaders in consultation with extension workers and village officials (van de Fliert, 1993 , p. 203, Scarborough et al., 1997 . Of course, there were situations where relatively young, lower status farmers were selected, although they needed to be perceived by the organizers of the training as being of high farming expertise (Winarto, 1994 (Winarto, , 2004 .
The cultural context certainly has an impact on the direction of communication flows and the perception of opinion leadership. The Javanese farming communities in the study areas are all Moslem, and tend to be hierarchical, and male-dominated, with respect typically accorded to older and wealthier men, particularly if they achieved religious merit through pilgrimage to Mecca. 1 While the donor-funded program attempted to purposefully select a larger number of women than would otherwise be proposed by local officials and village leaders, the actual proportion of women trained was rather small, and in many cases non-farming women were included in the training simply to satisfy gender targets (World Bank Implementation Completion Report, 2000, p.5). As there are no women in the sample, the study pertains to diffusion of knowledge among men only.
DATA
The data underlying this study were obtained through a panel 
ANALYTICAL METHODOLOGY
The data do not contain information on the specific communication patterns, selfperceptions on leadership status, or numbers of nominations from peers received by farmers selected for training. It is thus not feasible to develop measures of opinion leadership for these farmers along the lines of work by Chatman (1987) or Valente and Davis (1999) . However, it is possible to rely on the fact that the selection of farmers by program officers and village leaders to participate in the intensive IPM training was related to their observed or presumed opinion leadership potential, and on the availability of a number of socio-economic indicators related to opinion leadership for every farmer in the sample. In support of this approach, it is noted that studies of FFS training programs indicated that trained farmers were expected to proactively disseminate the knowledge gained in the course of the training to other members of the community (van de Fliert, 1993 , Winarto, 1994 , Scarborough et al., 1997 , p. 105, Simpson and Owens, 2002 . Obviously, not all potentially strong opinion leaders were selected for training.
Similarly, some people with low opinion leadership capacity were included in the training in some villages. But it is reasonable to expect that persons with higher opinion leadership capacity had a higher probability of being selected for training. While the capacity for opinion leadership is not observable to the researcher, the literature suggests that such capacity is related to observed or measurable characteristics of the farmers, such as education, pre-training pest management knowledge, and wealth. One can thus utilize a dichotomous choice model such as probit to estimate, based on a sample of program-trained and untrained farmers, the parameters associated with observable indicators associated with opinion leadership.
Where P is the probability of being selected, X is a vector of observed leadership characteristics, and β is a vector of parameters. The imputed value of the probability of selection
where βˆis an estimate of β ] can be viewed as an index of opinion leadership capacity, as it reflects this unobserved (to the researcher) capacity. This index can be calculated for every farmer in the sample, whether actually selected or not, once the parameter vector β is estimated.
Because the data contain for each community in the sample several randomly selected trained farmers, these selected farmers may be viewed as a representative sample of the group of trained farmers in the specific village community. The average imputed index of opinion leadership capacity of the trained (selected) farmers of a given village (say, j P ) is an indicator of the extent of the IPM-trained opinion leadership available to disseminate the knowledge gained in the training in that village.
The difference in the imputed probability of selection of any two farmers is a measure of how different these farmers are in terms of their capacity for opinion leadership. A farmer with a lower probability is more likely to be a follower, compared with a farmer who has a higher probability. The ability to calculate the difference in capacities for opinion leadership provides us with a means for clarifying the effects of Rogers' concepts of homophily and heterophily on the communication of new knowledge between trained farmers and untrained farmers. If farmers tend to learn more from those better than themselves (i.e., from those who have a higher capacity for opinion leadership than themselves), then measurable changes in knowledge about IPM among farmers who did not attend the training will be positively related to the differences in capacities for opinion leadership (as represented by differences in the imputed probabilities for selection for training) between themselves and those who actually did attend the training. Given that in each community several farmers attended the training, the relevant reference in a given village j is the average capacity for opinion leadership among the trained farmers in that village, as represented by j P . That is, for any farmer i (in village j) who did not attend training, the degree of similarity (homophily) with the trained group (denoted by D ij ), is approximated as
where f( βˆ'X ij ) is the imputed probability of selection of untrained farmer i in village j.
If D ij is very close to zero, the untrained farmer i of village j is very similar to the trained group from that village in the attributes that reflect capacity for opinion leadership. If D ij is positive, the group of trained farmers of village j is "better" (has on average a higher capacity for opinion leadership) than the untrained farmer i of the same village.
Using the variable D ij as a measure of dissimilarity (socio-economic "distance") between More formally, if we denote the level of IPM knowledge in 1991 and 1999 as K(0) and K(1), respectively, then the following multivariate equations will facilitate the testing of hypothesis
where Z ij is a vector of characteristics of untrained farmer i from village j which may affect knowledge acquisition aside from interactions with the trained farmers, and V j is a vector of village characteristics which can affect changes in knowledge of residents of that village. The parameter α is a constant, while the parameters λ , η , δ , μ are associated with the various explanatory variables. The term ε ij is a stochastic error. Equation (3a) is associated with hypothesis (a), while Equation (3b) is associated with hypotheses (b) and (c).
EMPIRICAL SPECIFICATION AND ANALYSIS (a) Factors Affecting the Selection of Participants in IPM Training
The parameters of equation (1) can be estimated as a probit, where, while the probability of selection is not observed, we define a dummy variable taking the value 1 when the data pertain to a farmer selected for training, and zero otherwise. The variables comprising the vector X are suggested by the literature cited in section II, and include:
(i) Total rice land owned in 1991: The area of land owned is an indicator of wealth, and is related to status. Therefore, this indicator is expected to increase the probability of selection for training.
(ii) Area of unirrigated rice land owned in 1991: While holding total area owned constant, larger amounts of unirrigated land are negatively related to wealth and status and, therefore, will affect negatively the probability of selection.
(iii) Spending on pesticide per hectare of rice in 1991 (measured in natural logarithm): The volume of spending on pesticides is related to wealth, as well as to the potential interest in IPM. The probability of selection is, therefore, expected to be positively related to this indicator.
(iv) Number of household members in 1991: Larger households imply lower land per person (holding land area constant), and thus less wealth per capita, and lower status. It is, therefore, expected that household size will be negatively related to the probability of selection for training.
(v) Rice yield per hectare in 1991 (measured in natural logarithm): The yield is taken as an indicator related to farming skills. Higher yields are, therefore, expected to contribute positively to the probability of selection.
(vi) Education of Household head in 1991: Farmers' education has been shown to affect positively their productivity (Jamison and Lau, 1982) and is, therefore, another indicator of farming skills and status affecting positively the probability of selection. Because all variables reflected values in 1991, prior to the actual training (which took place in the seven years after 1991), there is no endogeneity in the values observed. The means and standard deviations of the variables used in the analysis of the probability of selection are displayed in Table 1 .
While the means of the two groups are not statistically different due to large standard errors, the data suggest that farmers selected for training tended to be larger landowners, with more irrigated land, higher spending on pesticides, higher yields, from families with more formal education, and better initial knowledge of IPM. These characteristics are all consistent with the profile of opinion leaders who are wealthier, better educated, and more skilled in farming. The probit analysis results presented in Table 2 essentially confirm these observations.
All variables have the expected sign and all, except for household size, and farmer education, are statistically significant at least at the 10% level. About two-thirds of the observations would be correctly predicted using the estimated parameters (i.e., the sum of the percentage of trained farmers with imputed probability higher than 50%, and untrained farmers with imputed probability of less than 50%).
The parameters presented in Table 2 were used to impute the probabilities of selection for each farmer in the sample. An important issue is whether the factors affecting the selection of farmers into the training program have changed over time, in light of the observations on difficulties in horizontal communications made by early observers such as Van de Fliert (1993) .
To examine this hypothesis, the sample of trained farmers was subdivided into two groups: (i) early trained (those who were trained prior to the initiation of the large-scale World
Bank-funded program in 1994), and (ii) those who were trained later, starting in 1994 (there were 57 and 55 farmers, respectively, in the two groups). A probit analysis was applied to the sample of 112 trained farmers, in which those selected later received the value 1, while those selected early received the value zero. The explanatory variables were those used in Table 2 . None of the explanatory variables (nor the constant term) had statistically significant coefficients, implying that there is no significant difference in the actual selection criteria for the program between the earlier and later years.
These probabilities serve as indicators of farmers' opinion leadership capacity. For each village, the imputed probabilities for the subsample of trained farmers were summed up and divided by the number of trained farmers, yielding an estimate of the average opinion leadership capacity of IPM-trained farmers in that village ( j P ).
3 Because in four villages the sample included only untrained farmers (no trained farmers from these villages were interviewed, although the training program was implemented in these villages), the subsample of untrained farmers from villages for which there was an estimate of j P was reduced to 117. For each one of these 117 farmers, the value of D ij was calculated following equation ( in the effort that they exert to proactively seek information (Feder and Slade, 1984) . To account for these differences, the analysis needs to include variables representing such differences, in addition to the variable D ij , which represents the interaction between the untrained farmers and those who have received intensive training.
One set of farmer-specific attributes, which may be related to differences in inclination to search for knowledge are the indicators used to characterize opinion leadership, as displayed in Table 1 . These variables, which are related to wealth, farming skills and education, can be higher the knowledge score, the larger the odds ratio. The difference in the logarithms of the odds ratio between 1991 and 1999 is similarly in the range (-∞,∞). If it is assumed that the logarithm of the odds ratio is dependent linearly on the set of explanatory variables defined above, the analysis can be carried out by means of ordinary least squares 4 . Table 3 presents alternative estimates of equation (3a), allowing a test of hypothesis (a).
As is evident from the results, the parameter associated with the absolute difference between the opinion leadership capacity of the untrained farmers and that of the trained farmers is not significantly different from zero. Therefore, the results provide no support to the hypothesis that farmers tend to learn more from those who are very similar to them. Alternative estimates of Equation (3b), designed to test hypotheses (b) and (c), are presented in Table 4 .
Both the OLS estimate of the difference in logarithms of odds ratio, and the ordered probit estimate, confirm hypothesis (c) that both the linear term and the quadratic term are statistically significant 5 . The two-sided Tobit estimate is similar in magnitude, except that the quadratic term is not significant even at a 10% level. However, while the standard errors for the Table 4 indicate that the critical value is in the range .43-.50, and thus when the leadership capacity index exceeds that range, the ability to diffuse information declines.
The estimation results for other factors contributing to knowledge diffusion are mostly as expected, and quite consistent regardless of the estimation specification. In particular, higher yield levels, larger irrigated areas, and higher education in the household are farmer characteristics significantly related to knowledge gains. Farmers located in villages with more sales kiosks, closer to market towns, and with increased presence of pest protection government officials were more likely to increase their knowledge of IPM, in part through access to alternative sources of information, that is facilitated by these characteristics.
CONCLUSIONS AND IMPLICATIONS
The results in the preceding section confirm that differences in the opinion leadership capacity of farmers who were trained intensively in IPM field schools explain, among other factors, the variation in IPM knowledge gains among farmers who did not participate directly in the training. The effectiveness of opinion leaders in diffusing knowledge that was specifically targeted to them through intensive training was shown to depend positively on the extent of leaders' superiority compared to the socio-economic and farming skill attributes of the would-be followers. However, the results indicate that if the selected opinion leaders are excessively superior to the others in the community, their effectiveness actually diminishes and they may become essentially irrelevant to the diffusion of knowledge beyond a small circle of those higher status individuals who are closely associated with them.
These conclusions have implications for the operations of extension and information programs seeking to spread new knowledge widely across large populations, particularly in areas where mass media sources are not accessible to the majority of the population. Such programs have traditionally focused the direct interactions of change agents (extension workers, trainers) on selected individuals, as budget and manpower constraints would not allow for direct interaction with every member of the target population. For example, the Training and Visit extension program instructed extension agents to select permanent groups of "contact farmers" for their biweekly village visits (Benor and Harrison, 1977) . The Farmer Field School training approach focused similarly on selected groups of participants in intensive training. Several other knowledge enhancement programs described in Scarborough et al. (1997) followed similar selection and diffusion strategies.
As is evident from the results of the present analysis, it is possible to err in two opposite directions: (i) selecting diffusion agents who are too "average" to the point that they are not much respected as leaders, and (ii) selecting opinion leaders who are too prominent and atypical to the point that most members of the community do not interact with them, or view their knowledge as being likely irrelevant. Obviously there are circumstances where programs include representatives of the latter group for political reasons, but the analysis suggests that such representation should not be excessive. Similarly, there may be circumstances where lowerstatus members of the community who are not currently opinion leaders should be included for purposes of empowerment and development of their potential leadership capacity. In such cases one needs to recognize that these are the main purposes of such individuals' inclusion, rather than the diffusion of knowledge.
Striking the right balance in the selection of program participants, as implied by the results of the present paper, is conceptually appealing, but not easy to implement in practice, as a combination of attributes (with unknown aggregation weights) is relevant, and some of the traits may not be readily observed by outsiders and researchers (although often known to members of the communities involved). Community participation in selecting those to be targeted for roles as opinion leaders can overcome some of the challenges (Valente and Davis, 1999) . It is likely that different types of programs may require different types of leaders (e.g., reflecting gender or ethnic aspects), and additional analysis is required to clarify the contextual factors that need to be considered. 
Appendix B: Data Limitations of the Analysis at the Village Level
In the Indonesian context, a distinction needs to be drawn between the term village (desa), which is an administrative unit, and hamlet (dusun), which is a social community. A desa typically contains several geographically proximate or adjacent dusuns. The sample was drawn from 22 villages containing 42 hamlets. In 8 of the hamlets, the sample contained only untrained farmers, while in 6 hamlets the sample contained only trained farmers. Therefore, while the analysis of the selection of trained farmers pertains to all 22 villages and their 42 hamlets, the analysis of diffusion pertains to 17 villages (and their 29 hamlets) in which the sample contains both trained and untrained farmers. In four villages, there was only one hamlet each in the sample. The number of sampled trained farms from any given hamlet is in most cases too small (sometimes only two or three) to form a unit of observation for the present paper's diffusion analysis, as the model requires the calculation of a mean leadership profile for each communication network. The hamlet is a much more cohesive social and communication network than the village, and ideally one would conduct the analysis at the hamlet level. The analysis in the present paper uses the village, rather than the hamlet, as the communication network frame, under the strong assumptions that the social structure in all the hamlets of one village is similar, and the selection process of opinion leaders for training was similar in these hamlets. Under such assumptions, the aggregated samples drawn randomly from the hamlets of a given village are unbiased representations of the social profiles of trained and untrained farmers, within each hamlet of that village, and the estimated average opinion leadership index at the village level represents the type of opinion leadership that an untrained farmer from a hamlet in that village was exposed to.
An analysis that utilized data at the hamlet level (omitting all hamlets where there were only 3 or less graduates or 3 or less untrained farmers) yielded results that were qualitatively
